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ABSTRACT
In this paper, we report on an experiment with The Walking Dead
(TWD), which is a narrative-driven adventure game with morally
charged decisions set in a post-apocalyptic world filled with zom-
bies. This study aimed to identify physiological markers of moral
decisions and non-moral decisions using infrared thermal imaging
(ITI). ITI is a non-invasive tool used to capture thermal variations
due to blood flow in specific body regions that might be caused
by sympathetic activity. Results show that moral decisions seem
to elicit a significant decrease in temperature in the chin region
20 seconds after participants are presented with a moral decision.
However, given the small sample involved, and the lack of signifi-
cance in other regions, future studies might be needed to confirm
the results obtained in this work.
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puting → Empirical studies in HCI ; Laboratory experiments.
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1 INTRODUCTION
Until recently, moral decision-making has been often investigated
with experimental paradigms from behavioral economics and game
theory, such as the prisoner dilemma, the ultimatum game [7],
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and the trolley dilemma [14, 27]. Despite their extensive use, these
paradigms are a relatively poor analogue of moral decision-making,
since they involve betting and probability calculations, neither of
which is a necessary part of the process of making amoral judgment
and which can strip away the informational context that often plays
a crucial role in determining individual moral judgments. These
contextual features can be represented in the digital environment
of a video game [24]. For this reason, moral scenarios presented in
video games might be more like those encountered in real life [25].
Morally charged games have features that make them distinct
from non-morally charged ones. In typical cases, these features are
likely to invoke a variety of emotional reactions in the players them-
selves, as demonstrated by several studies focusing on sympathetic
physiological responses [5, 28] and brain regions involved in the
processing of morally charged stimuli [2, 21]. Physiological changes
that result from morally charged stimuli can also be detected by
measures of thermal variations in the skin using infrared thermal
imaging (ITI).
Our aim here is to take these insights and methods and apply
them to morally charged decisions within The Walking Dead. More
specifically, this study investigates the way in which temperature
in participants’ faces changes when they are faced with decisions
that are morally charged. Results obtained shed light on the effect
of morally charged stimuli on thermal variation and the future use
of video games to investigate moral decision-making.
2 RELATEDWORK
2.1 Moral Foundations Theory
For this specific study, moral foundation theory (MFT) was used be-
cause of its application in social and moral psychology [9, 13]. MFT
assumes that moral decision-making is shaped at least in part by
evolution and subsequently modified by cultural influence [15] but
ultimately executed by mechanisms, which embody the five 5 moral
foundations [12]: Harm/Care ; Fairness/Cheating; Loyalty/Betrayal;
Authority/Subversion [1]; Sanctity/Degradation [22].
Whether these foundations are the only ones, or whether they
are in some ways overlapping, continues to be a source of disagree-
ment in moral psychology. For example, Graham et al. suggested
there may exist a sixth Liberty/Oppression foundation [12]. MFT
has also been criticized for the lack of explanation about the dif-
ferent degrees of cooperation between individuals and groups [8]
and its moral relativism [11]. Nonetheless, despite criticisms and
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downsides, MFT is often used to operationalize and explain human
moral decision-making today [6].
2.2 Sympathetic activity and moral stimuli
There is mounting evidence that moral decision-making involves
the autonomic nervous system and specifically the sympathetic
nervous system [5, 28]. This is perhaps unsurprising since the
sympathetic nervous system is in charge of coping with stressful
events and is responsible for activating the flight-or-fight response
[26]; moral decisions can sometimes be stressful. The fight-or-flight
response that often accompanies stressful events is mediated by the
release of noradrenaline and the subsequent release of adrenaline
from the adrenal medulla [17]. Both of these neurotransmitters
play a crucial role in changing heart rate, breathing, and can induce
sweating, which is implicated in increased skin galvanic response.
Noradrenaline mediates the activity in regions of the limbic system,
which play a role in emotional processing and emotional learning
[26]. These assumptions also found evidence in other independent
neuroscientific and psychopharmacological studies [17].
2.3 Infrared Thermal Imaging
ITI can be used to monitor thermal variations due to sympathetic ac-
tivity [10] on the assumption that this activity indirectly influences
thermal variations in the skin [28]. For example, moral violations,
such as lying, correlate with an increase in temperature in the nasal
region [19]; while stressful stimuli affect the chin region [10]. This
in turn suggests that, just like those other measures, ITI might be
used to track processes related to emotions [18]. Previous stud-
ies with ITI demonstrate that emotion could potentially influence
thermal variation in specific regions of interest. For example, feel-
ing anxiety might lead to a decrease of temperature in the cheek
region [20] while thermal variations in the nasal region, and in
the maxillary region, seem to be connected to empathy [16]. How-
ever, despite its several successful applications, ITI suffers from few
methodological limits. For example, the regions of interest are man-




47 participants took part in the study (Nmales = 23), with a mean
age of 28.5. The participants were recruited at the University of
Tilburg and at the Technical University of Eindhoven. The data
were collected in two sessions, the first one involved 29 participants
while the second one 18. The experiment could not involve more
participants due to the outbreak of COVID-19. Participants did not
wear glasses during the experiment and were asked to keep their
hair away from their face in order not to create artifacts in the
thermal recording. During the 15 minutes before the beginning
of the experiment each participant filled in the informed consent
and acclimatized to the temperature of the room. Then participants
were informed they would be filmed using a thermal camera and
a web camera located on the computer screen. Furthermore, they
were also informed that none of these recordings would be made
available to third-party.
3.2 Experiment
All experimental sessions took place at Deprez Building, where
the MindLabs is located, in rooms that are kept under constant
temperature (22-24°C). For this reason, only a maximum of 4 people,
included experimenters and participants, were allowed in the room
at the same time.
Figure 1: Overview of the experimental set-up for two par-
ticipants
Two participants were seated and separated by a barrier from
the rest of the room in a way that allowed them to participate in the
experiment without suffering from external interference. Finally,
the thermal cameras (FLIR E95) were placed about 1 meter from the
participants’ faces on a tripod behind the monitors. All participants
wore headphones (Figure 1). The thermal recordings were started
and stopped using distinct control computers placed opposite to
the participants.
3.3 Regions of Interest and Data Collection
The experimental setup was structured to monitor the thermal
variations occurring in moral decisions and non-moral decisions.
Thermal variations were extracted according to 6 regions of interest
defined by Berkovitz et al. [4] (Figure 2). These regions have been
shown to have significant thermal variations when participants are
presented with emotionally charged stimuli. Data about thermal
variations in these regions was collected using two FLIR E95 ther-
mal cameras. Actual game-play was recorded using a web camera
connected to the computer used by participants. The recordings
obtained with this camera were subsequently used to synchronize
game-play and the thermal recordings. The thermal recordings
were collected using ResearchIR, the software provided by FLIR.
3.4 Framing Moral Decisions
MFT was used to identify decisions in the game that were distinctly
moral [15]. The first moral decision is introduced shortly after
Lee, the avatar used by the participants, meets Clementine, a child
who remained at home alone during a zombie apocalypse. After
their encounter, Lee is forced to kill Clementine’s babysitter who
had become a zombie. The moral scenario is introduced when
Clementine asks Lee if he killed her babysitter. In this case, the
foundation triggered is the Harm/Care foundation because children
are generally seen as harmless creatures needing protection and
lying to Clementine is a way to avoid harming her.
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Figure 2: The regions of interest selected by Berkovitz et al.
[4]
The second moral decision is presented when Lee is questioned
about his connection with Clementine. The person asking the
question is Shawn, a stranger who may decide to help Lee and
Clementine leave the neighborhood teeming with zombies. This
scenario triggers the Harm/Care foundation, due to the presence
of Clementine and the possibility of keeping her safe, and the Fair-
ness/Cheating foundation since telling Shawn the truth about the
connection between Lee and Clementine might increase the likeli-
hood of receiving help.
After having received Shawn’s help, Lee and Clementine reach
Shawn’s farmwhere his father, Hershel, is waiting for him. The third
moral decision is introduced when Hershel helps Lee medicate his
wounded leg. Lee hurt his leg in a car accident while being escorted
somewhere by a police officer. While helping Lee with his wound,
Hershel asks him how he got injured. By helping Lee, Hershel may
get something in return; for this reason, the Fairness/Cheating
foundation is triggered, while the Loyalty/Betrayal foundation is
triggered by the presence of a rival group composed of Shawn and
his father Hershel. Shawn and Hershel, at this point of the video
game, might consider Lee and Clementine as a rival group since
they do not know their intentions and they might take advantage
of Shawn and Hershel to survive the zombie apocalypse.
The fourth moral decision presented in the experiment involved
Shawn and Duck, the son of a couple that stays at Shawn’s house.
The player has to decide who to save between the two characters
while a horde of zombies approaches. This moral decision trig-
gers the Harm/Care foundation due to the involvement of Duck, a
child slightly older than Clementine, which can be saved from the
potentially lethal encounter with zombies. The Loyalty/Betrayal
foundation is activated since Shawn, who at this point of the game
is considered a friend, is risking his life for others.
3.5 Preprocessing
Thermal responses occur 10 seconds after a target stimulus is pre-
sented [16]. After having extracted all the means for these, the final
dataset for the analysis was created by extracting the lags between
the frames. As a result, each decision presented in the game was
characterized by 3 lags (0–10 seconds, 0–20 seconds, and 0–30 sec-
onds) representing the mean variations between timestamps. This
information was subsequently gathered according to the kind of
decision (moral or non-moral) and the regions of interest. 20 par-
ticipants were excluded from the analysis due to corrupted data or
to the presence of thermal artifacts related to excessive movements
or the presence of excessive facial hair [3].
4 RESULTS
First, an analysis of variance (ANOVA) was run to find if there was
a main effect of foundations on thermal variations. Since different
foundations were used to frame the moral decisions, this analysis
was needed to exclude the main effect of foundations on the thermal
variations. Results did show a main effect of foundations in the
Nasal tip, but this effect disappeared after a Bonferroni correction
(aadjusted = .05/4 = .0125). An Independent samples Welch’s T-test
was then performed for the moral and non-moral decisions at the
20 seconds lag.
Figure 3: Mean thermal variations in chin region over time
The only significant result was in the chin region: t(214) = 2.00,
p = .046, with d = .28 (Figure 3). As shown in previous studies [16],
almost all the regions of interest seem to exhibit a higher variation
after 20 seconds while at 30 seconds the temperature returns to
baseline. Such variation was calculated using the mean and the
standard error for each ROI and then plotted as shown in Figure 3.
5 DISCUSSION
The effect found in this study is consistent with previous results
[10], which reported a significant decrease in temperature in the
chin when participants are presented with stressful stimuli. This
suggests that morally charged stimuli and stressful stimuli might
be similarly processed by the sympathetic system, as suggested by
other research [17, 26]. Our results are in line with a number of stud-
ies, which show that moral decisions tend to induce a higher mean
variation in facial skin temperature, as compared to non-moral
decisions. Most of the regions of interest examined in this study
showed a decrease in temperature when subjects were presented
with moral decisions. The chin region was the only region, how-
ever, in which these variations were significant, as compared with
non-moral decisions, with a low effect size (d = .28). Considering
the general thermal variation in the entire face, this suggests that
our study should be repeated with a bigger sample in order to rule
out the possibility of misleading results.
If validated, these results would also give indirect evidence to
the main methodological assumptions in the study. First, MFT can
be used to study moral decision-making in video games. The appli-
cation of MFT in this study was made possible by the presence of
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narratives and the scripted interactions with non-player characters
[23]. Other theories, and especially those that are direct competitors
to MFT, should be used in the future to frame moral decisions in
video games to verify that this assumption is correct.
Second, ITI seems appropriately sensitive to capture both physio-
logical responses evoked by stressful decisions and those triggered
by moral decisions. In future research, ITI should be combined
with other measurements to obtain a better understanding of the
sympathetic activity connected to moral decision-making. More
generally, ITI might be a promising method to track sympathetic
activity in other domains. For example, such method might be used
to track stress evoked by medical procedures without the need of
any sensor in direct contact with the skin.
Nevertheless, ITI still has limitations mainly due to the lack of
a shared methodology [16]. Furthermore, up to date, this is one
of the first studies that explored the use of ITI in the context of
video game research. Therefore, an implementation of a common
methodological approach would go far to help obtain more con-
sistent results in future studies. It should also be noted that ITI is
still a developing technology and that can be affected by changes
in temperature due to confounding factors [16], such as boredom,
endogenous thoughts, anxiety, etc. Solving these issues might be
one of the keys to future more efficacious applications of ITI to
video game research.
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